A case-control study (lung cancer: 2711; age and sex matched non-lung cancer controls: 2711) encompassing the years 1986-2004 was undertaken further to the results of increased mortality and cancer incidence in Windsor, Canada. The objective was to investigate associations between lung cancer incidence and exposure to air pollutants controlling for cigarette smoking and duration of residence. A nominal file of cases and controls ascertained by the Ontario Cancer Registry was obtained from Cancer Care Ontario; smoking information and addresses of residence within Windsor were obtained respectively from medical charts at the Windsor Regional Cancer Centre and from the Windsor City Directories. For each case and control and for each air pollutant, a cumulative exposure was calculated based on duration of residence at each address location; the centroid of postal codes of addresses was used as proxy for residential location. For each location, annual NO 2 and SO 2 levels were estimated, using Land Use Regression based on results from 54 monitors within Windsor. Results obtained from conditional likelihood regression for matched or stratified data, (including sex, age at diagnosis, numbers of cigarette smoked per day and duration of smoking as covariates) are presented.
Introduction
Long-term exposure to air pollution particles (Dockery et al. [1] , Pope et al. [2, 3] , Beeson et al. [4] ), nitrogen dioxide (Nyberg et al. [5] ) and nitrogen oxides (Nafstad et al. [6, 7] ) has been associated with an increased lung cancer risk. In January 2003, the Governments of Canada and of the United States launched the Canada-US Border Air Quality Strategy (BAQS) to assess health effects of populations exposed to air pollution in these border regions. The following key objectives were determined: collecting human health data; analyzing evidence of human health impacts and assessing the risk to human health exposed to air pollution. The municipality of Windsor, situated in the most southern part of the Province of Ontario, Canada, was selected as one of BAQS target because of its proximity to the city of Detroit, U.S.A, and because of traffic pollution with about 10,000 trucks crossing the bridge linking Windsor to Detroit each day. In a preliminary study, we reported an increased risk of lung cancer incidence and mortality in males and females residents of Windsor (Band et al. [8] ). Results assessing health effects of air pollution exposure have serious limitations inherent to mortality and cancer incidence studies. In particular, information on smoking and duration of residence at specific residential locations is lacking. In this paper, we present preliminary results of a case-control study assessing the relationship between lung cancer and chronic exposure to SO 2 and NO 2 , controlling for cigarette smoking and residential duration.
Feasibility study
Prior to undertaking the project, a feasibility study was conducted to: a) review a random sample of 30 medical charts to verify if smoking information was reported by staff physicians and/or nurses; b) obtain precise information on medical file location and accessibility; c) obtain precise information on address and residential duration at given addresses in Windsor from public community records.
Thirty randomly selected medical charts from lung cancer cases (20) and from non-lung cancer controls (10) diagnosed prior to 1990 were reviewed. Of the lung cancer cases, the number of cigarettes smoked per day and the years of smoking were available for 18 with one information missing; one case was a non-smoker. Of the controls, five were never smokers, one had no smoking information and in four, intensity and duration of smoking were available. Thus, in total, smoking information was recorded for 27 (90%). Medical charts were in electronic format at the Windsor Regional Cancer Centre since April 1999. Prior to that date, medical charts of patients no longer seen at the centre were stored out of site at a privately owned Records Management Company in Windsor. A review of the accessibility of data included in the Property Assessment files, Voter's list, Windsor City Land Registry and Windsor City Directories was undertaken. The Windsor City Directories, available since the late 1800 were the only useful and readily available database from which address information over time could be accurately obtained. It was thus concluded from the feasibility study that adequate information was available to proceed to the planned casecontrol study.
Method

General
Population data for the City of Windsor and for enumeration areas within the City of Windsor was obtained from Statistics Canada annually from 1986 to 2004. A nominal file of cases and controls were obtained from the Ontario Cancer Registry, Cancer Care Ontario. All 2,711 lung cancer cases occurring during 1986 to 2004 inclusive among residents of the City of Windsor were included in the study. 2,711 randomly selected cancer controls and residents of the City of Windsor at time of diagnosis during the same time period were matched on age, sex and year of diagnosis. Lung cancer, non melanoma skin cancer and multiple primary cancers were excluded from the control group. Smoking information (smoking status, average number of cigarettes smoked per day, total number of years smoked, and similar information for pipe and cigars) was obtained from the medical charts of patients at the Windsor Regional Cancer Centre. Address at residence and residential duration was obtained from the Windsor City Directories as follows: using the patient's name and address at diagnosis from the medical charts, addresses were then verified backward in the Windsor City Directories every five years until the patient's name could no longer be found; addresses were then verified annually to obtain the last known address of residence in the City of Windsor. For each subject, the total number of years lived at a given address of residence was derived from this information.
Exposure levels
Annual levels of NO 2 and SO 2 for the year 2004 were estimated by the Land Use Regression model for each postal code in the City of Windsor based on results from 54 monitors set-up under the BAQS (Wheeler [9] ). Land Use Regression (LUR) uses measured air pollution concentrations from networks as the response variable, and land use types within circular areas, called buffers, as predictors of changes of the measured concentrations ((Jerrett [10] ). The variables used to create the LUR included: land-use groups (such as open space, industrial, commercial and residential land use); road network groups (such as length of local and major roads, length of primary highways and expressways), population and dwelling groups, and Detroit and Windsor industrial point sources variables (Wheeler [9] ). The 1986-2003 pollution data was limited to observations from the National Air Pollution Surveillance (NAPS) Network [11] , established as a joint Federal and Provincial program in 1969 to provide accurate and long-term air quality data of a uniform standard throughout Canada. NAPS sites only had up to 5 monitors during the years of our study compared to 54 monitors used in the BAQS study. To obtain annual estimates for each location for the entire study period (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) 
Cases and controls exposure profile
From 1986 to the year of diagnosis, for each incident case and control and for each air pollutant (NO 2 and SO 2 ) an exposure profile was created consisting of the annual estimates, as described above, at each of the subject's residence (the centroid of the address postal was used as proxy for the residence location). For each year for which address information was unavailable for a subject we imputed missing values using the observed control mean imputation method (Weinberg et al. [12] ). To investigate possible associations between long-term exposure to ambient pollution and lung cancer risk the average annual pollutant levels during the study period (i.e. from year 1986 to the year of diagnosis) was used for each pollutant as surrogate measure of exposure (individual pollution score).
Statistical analyses
Data analysis was conducted using conditional likelihood regression for matched or stratified data (Breslow and Day [13] ). All regression models for the evaluation of air pollution effects included four covariates: sex, age at diagnosis, number of cigarettes smoked per day, and duration of cigarette smoking. These factors were included as stratification variables in the regression model. The pollution scores (as described above) were used as proxies for pollution levels. Analyses were done by categorizing exposures to various pollutants into discrete categories. Odds ratios and associated confidence intervals were calculated using matched conditional logistic regression (Breslow and Day [13] ). The models were fitted using the PECAN module in the Epicure software package, which calculates parameter estimates using conditional analytic methodology (Preston et al. [14] ).
Results
This report includes all subjects diagnosed from January 1st 2000 to December 31st 2004 inclusive, whose medical charts were accessible in electronic format. The 1422 subjects (711 lung cancer cases and 711 controls) represent 28 percent of the entire study population. The characteristics of cases and controls are shown in Table 1 . Smoking information (ever/never) was obtained in over 80% of cases and controls, with data on number of cigarettes smoked per day and years of smoking being known for about two thirds of the subjects. The average number of cigarette smoked per day and the average years of smoking of lung cancer cases was about twice that of male controls, and three times that of female controls. The majority of cases and controls lived over 20 years in the City of Windsor. No significant relationships were observed between exposure to SO 2 and lung cancer (data not shown). Results for NO 2 are presented in Table 2 . Significant associations between NO 2 levels and lung cancer were noted for males only (Table 2a) . Significance persisted after controlling for residential duration, smoking duration and number of cigarette smoked per day, using the categories described in Table 1 . [19] , Naess et al. [20] ), but not in a study examining air pollution related to exposure to traffic (Beelen et al. [18] ). In this study, a significant association between lung cancer and long-term exposure to NO 2 was clearly shown in males, but not in females. Although limited by the fact that a subset of the study population has been analysed at this time and thereby that caution must be exercised in interpreting the data, these results are nonetheless strengthened by the fact that a) the number of cases and controls are relatively large; b) cumulative exposure was assessed for each subject based on residential exposure estimates; c) odds ratios were adjusted for smoking intensity and duration, and for residential duration in the City of Windsor. Final conclusion will have to await analyses of the full study population.
Disclaimer
Parts of this research are based on data provided by Cancer Care Ontario. However, the analysis, conclusions, opinions and statements expressed are those of the authors and not necessarily those of Cancer Care Ontario.
